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Delta areas in the Puget Sound region have undergone considerable
change, both natural and man-related, since their first occupancy by non-
Indian settlers. Untll recent years, little thought was given to the environmental
values of wetlands and the impacts of man's activities there. As the effects of
these activities on the natural qualities of wetlands have become mere widely
known and better appreciated, information documenting past changes has
been needed by planners, environmental groups, local agencies, and others
concemed with the development and well-being of the delta areas. In re-
sponse to this interest and need, comparisons of old and new maps delineating
historical shoreline and wetland changes have been compiled for 11 major
river deltas in the Puget Sound region, as shown on the accompanying maps.
These maps document (1) shoreline changes, both natural and man-induced,
since early non-Indian setflement, (2) loss of wetland habitat, and (3) patterns
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NOAA, Rockville, Maryland, for investigating old-records files.

SOURCE MAPS
The sources of historical maps showing river deltas and estuarine wetlands

stadia rod. The shoreline between the surveyed sites was sketched free-hand
by the topographer. From these eary survey sheets, there &5 no way to
determine which points along the shoreline represent actual surveyed sites.
Different topographers also used their discretion about detalls to be omitted or
induded on the maps.

Insummary, as stated by Shalowliz (1964, p. 81}, the degree of accuracy of
the early surveys depends on many factors, among which are the purpose of
the survey, the scale and date of the survey, the standards for survey work
then in use, the importance of the area surveyed, and the ability and care of
the topographer.

Land Grid

The modern USGS topographic maps and most of the early topographic

representing any particular tidal elevation; generally It may be considered to
be the limit of penetration of the highest tides. The eardy maps do not
necessarily show the full landward extent of wetland of those times because

different maps or photocopies. Among these inaccuracies are distortions that
may occur as the result of storage conditions, photographic processing,
mosaicking of map parts, or optical projection. During this compilation, care
was taken to minimize these emrors, as discussed below.

Map Stability

Distortions in paper maps occur as the result of shrinking or swelling due to
aging and storage conditions. It is not known how much the original planetable
map sheets may have been distorted before being photacopied; therefore, no
attempt could be made to correct for the distortions prior to transfer of the
data, except to reconcile discrepancies between old and modern maps by
adjusting to common control points, The historical information was drafted
onto scale-stable film as it was taken from the old sources to ensure stability of
the final compilation.

from fiooding by holding back the water and stopping or deflecting the
water cumrents of an adjacent sea, lake, or stream.
Distributary. A stream branch flowing away from a main stream and not

rejoining it.

cally discussed in the report, and are not always discemable from the maps.

Shoreline Changes

The processes that result in delta-shoreline changes are several and com-
plex and, for the deltas in the Puget Sound region, have not yet been
adequately studied. The marine side of the delta environment is especially
complex and dynamic, involving wave action, seasonal changes in shoreline
erosion and deposition, major tidal fluctuations and currents, and, in some
cases, significant transport of sediments by longshore currents. Even if those
conditions and processes were well understood with respect to this region,
detalled discussion of them here would be inappropriate. However, some
understanding of the relationships between the fresh-water and salt-water
sides of the deltas—of the general principles and processes involved—is
necessary for an evaluation of the changes that take place at delta shorelines

change in shoreline can be discemed, and little can be sald with confidence
about the role that man's activities may have played in a change. Evaluation of
artificial influences on shoreline change would require additional data such as

also change as a result of lateral migration of individual channels in easily
erodible bank materials. Major channel shifts often occur during occasional
large-scale flooding.

Major stream charinel shifts have occurred for the Nooksack, Stillaguamish,
and Dungeness Rivers. Since the early mapping these rivers have moved from
one part of the delta to another. Lateral migration of individual stream
channels is particularly noticeable for the Skagit and Misqually deltas,

Man-caused Shoreline Modifications
Shorelines of river-mouth deltas in the undisturbed siate represent an
intricate set of processes at the land and water interface. Near the river mouth,
shorelines include sand bars, islands, tidal creeks, and sloughs. In these areas
fish and other estuarine and wetland inhabitants have available a variety of

The solid waste being deposited on the fill is in direct contact with, or just
above, the surface water, making for easy access of leachate into the stream
and adjacent estuarine waters.

include the following: i ; _ 2
! Mool o nd A st (O v i . ot ol ool vl s 2D o remede s s of g et ot Lo ofWetan
Rockville, Maryland (early U.S. Coast and Geodetic Survey maps). ol e wi "Dth;':‘:“mﬂ phase of hig » such as higher high water Holdevey, some general ohasalions ton be made. For deling that hione cm s o

2. National Cartographic Information Center, Reston, Virginia (early
U.5. Geological Survey maps).

U.S. Army Corp of Engineers, Records Section, Seattle.

National Archives |old aerial photographs).

University of Washington, Library Map Center.

University. of Washington, Library Northwest Collections.

. King County Courthouse, Records Section (old land plats).

The U.5. Coast and Geodetic Survey (C&GS) topographic maps were
generally the best sources of historical data because of their early, area-wide
coverage, sultable scale, detail of mapping which shows features that persist io
the present, and the identification of land grids on the survey sheets. Photo-
graphic copies, mostly at the scale of 1:20,000, of the original C&GS topo-
graphic sheets from 1854 to 1899 were obtained from the Rockvile,
Md., archives.

The name, date, original scale of the topographic and hydrographic sur-
veys, and other information on each source map are listed in table 1.

DATA-TRANSFER PROCEDURES
Every effort possible was made to accurately transfer data from the historical
maps to provide the best fit on the modem maps. Clear photographic coples of
the oldest available source maps were obtained and by optical projection were

SO W

The maps for eight of the eleven major deltas show a low-water fne
delineating the seaward edge of the-intertidal wetland. The low-water line, in
the context of planetable surveys, is the topographer’s estimate of the line
representing a vertical datum defined by a phase of the tide, and is used as a
reference plane for depths in the sea. The mean lower low-water kne is the
zero depth or datum from which water depths are measured and represents
the low-water line of the early topographic surveys in the Puget Sound region
(Shalowitz, 1964, p. 185).

Map Symbols

In the early period of topographic surveys, complete consistency in the use
of symbols to represent various shore and land features reportedly was never
attained due to the lack of standard symbols, and differing preferences of
topographers. In order to facilitate comparison with modem conditions, the
authors interpreted the original map symbols representing various features
(for example, wetland, grassland, forested upland, shoreline, and dikes) to
make them consistent for all the present map compilations. Also, the
forested-uplands symbal on these compllations has been imited to a namow
band, rather than showing the entire landward extent as portrayed on the
source maps. Otherwise, the limits of historical patterns as they are shown here
represent the imits of mapping during the orlginal surveys. The individual

Higher high water. The higher of the two high waters of any tidal day.

Intertidal wetland (tideland, tideflat). The wetland that is covered and
uncovered by daily rise and fall of the tide, More specifically, the zone
between the mean high-water line and the mean lower low-water line along
the coast.

Levee. See dike.

Lower low water. The lower of the two low waters of any tidal day.

Marsh. A water-saturated, poorly drained area, intermittently or permanently
water-covered, having aquatic and grasslike vegetation.

Mean lower low-water line. The mean of the intersections of the tidal plane of
the lower of two low waters in a tidal day with the shore.

Mean high water. The average height of the high waters recorded over a
19-year period.

Mean high-water line. The mean of the intersections of the tidal plane of
diumnal high waters with the shore. In the context of the planetable surveys
of CEGS, the topographer's estimate, without recourse of leveling, of the
mean high-water line.

Progradation. A seaward advance of the shoreline resulting from the near-
shore deposition of sediments.

Regression. A landward retreat of the shoreline resulting from processes such

prograded significantly—the Nooksack, Stillaguamish, and Dungeness
deltas—the sediment load has been, on the average, greater than the ability of
the marine currents and waves to move the sediments from the delta front.
Those deltas are most kely, of all the deltas studied, 1o continue prograding at
a relatively rapid rate. The Stillaguamish River, in particular, is susceptible to
progradation because of its relatively quiescent receiving basin, unaffected by
strong marine currents, and large intertidal fan serving as an “apron” for
subaerial buildup of sediments. Similarly, the progradation of the Nooksack
River into the relatively quiet waters of Bellingham Bay may be occurring at a
faster rate than would have been the case if the river still flowed into the more
exposed, active waters of Lummi Bay. Conversely, for the deltas whose
shorelines have had no significant progradation such as the Skagit and
Snchomish deltas, the ability of marine currents to move sediment from the
delta front has, on balance, been equal to the average sediment load supplied
to the delta.

For deltas where artificial filling has occurred far beyond the historical
shoreline, such as the Duwamish and Puyallup deltas, litle can be sald about
the natural tendency for, or rates of, progradation; at least unless or until the
natural delta-bullding processes *'catch-up™ with man's artificial extensions of
the delta lands. The future resumption of any progradation beyond these
artificial fills may be delayed by periodic dredging of sediment from the

Coastal wetlands, generally grading from salt-water to fresh-water marsh,
are well-known as critically important habitat for fish and wildlife. Sloughs
dissecting the marshes attract an abundance and diversity of life and are
nursery areas for young fish. Wetland areas are essential for nesting, wintering,
and feeding of waterfow! and shore birds. They also help stabilize shorelines,
reduce erosion, and buffer the force of storms and floods.

A comparison of present-day and historical wetland area for each of the
deltas is shown in table 2. Eight of the 11 deltas show a loss of subaerial
wetland; three deltas show a significant wetland loss of 5 sq km (1.9 sq mi)
or more. Diking was an eary activity of settlers in the region and accounts for
the greatest loss of former wetland. Dikes stopped the tidal flow of salt water into
areas they enclosed permitting the gradual freshening of the soll water and
introduction of plant species suitable for subsequent agriculiure. The forested
wetland of the Nooksack delta has not been diked at the lower reaches and has
about the zame amount of wetland as in 1887-88 (table 2). The Lummi and
Samish deltas are fed by small river systerns and generally have only a narrow
fringe of marsh seaward of the dikes near the delta shore. The Skagit delta also
has a fringe of marsh seaward of the dikes in the northern part of the delta buta
much larger area of wetland (including some forested wetland) along the
South Fork distributaries. The Stillaguamish delta, because of its prograding
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(hilowta, 7965, p. 73], Thiey sepnisard the hest avidence » 2 curacies in the early surveys and for distortions in the photographic processing dynamic processes of the river-mouth deltas and the impacts of man's ac- in the future by the dike for a large aquaculture pond completed in 1971. Phepi 2 . :
INTRODUCTION condition of the coastline 80 to 125 years ago. However, the survey work, or printing of maps. In some cases, arbitrary decisions based on interpretations tivities upon the delta areas. Such a comparison provides documentation of : Shopenieh 2l k4 0 Tﬂpﬂﬂﬁﬁ'*tutmﬁump:sﬂd
River-mouth deltas and associated wetlands have a historical and continu- though outstanding for its period, was not as accurate as is possible with of local landforms were the basis for adjustment of the data. Detalls of the (1) shereline modifications, both natural and man-induced, since non-Indian Sufttingaf Streym. Channsls 3 ol
ing importance to human activities. Deltas in the Puget Sound region attracted modern mapping practices. For example, the early surveys were done by methods used for individual compilations are described on each sheet. settiement, (2) loss or gain of wetlands, and (3) pattems of land-use changes Perlodic shifting of distributary channels is a common characteristic of most Dungeness B 5 0 D
early development because they were flat-lying, near water, and contained planetable methods rather than the aerial photographic and photogrammetric o delte tands. deltas and is not necessarily caused by man. As the delta builds beds along one Totals 4 4 (55)
relatively large tracts of unforested land. These characteristics fostered the wt:‘fgb;ﬂ today. In planetable surveys, ntsﬂ surveyor pdlr;ttedﬂoﬂ'!e m:g Accuracy of Data Transfer Dredging, sinking of pilings, and manmade structures along the shoreline mﬁ: i?: mm?;m Eﬁ&u:smupihmﬁ,m el anndunmmbla e
converston to farmlands, port facilities, and centers of commerce and industry. aml in on drawing-board sheets and measured directions a Inaccuracies can result at several stages in the transfer of data between i i el s REERS
po itarios b 5 oL e s B 5 alidade and constitute changes; however, the influences of these changes are not specifi shorter, steeper route to another part of the delta front. Distributary patterns

Indudes abowt 1.6 sq kn hat wam wet mesdow and fresh-waier marsh landward of present dhes prior 6

December 1975 dike break [Klotz and others, 1978), in addifion to about 2.5 sq km of salt marsh,

TABLE 3 —Comparison of historical and present-day intertidal wetland areas.

Brom LL5. Geslogical Survey topogrsphic maps, sxcept Nooksack River delts (sm below),

bfrom NOAA hydrographic survey, H-8320, H-8321 [1:10,000 scale) deted 1956

FHistorical indertidal ares calculated from 1886 hwdrographic chart but mean lower low-waiter Bne is o

entiraly shoun on sheet 5 becsuse base map doss not extend far enough in seaward direction,

commercial importance, Natural, unspoiled mud flats teem with animal life
that includes snails, mussels, and oysters, as well as a variety of crabs, shrimps,
and small fishes.

A comparison of present-day and historical intertidal areas for eight of the
eleven deltas is shown in table 3. The intertidal area of the Lummi,
Skokomish, and Dungeness deltaz has remained about the same since the
early mapping. Extensive dredge-and-fill projects carried out on the
Duwamish and Puyallup deltas have eliminated about 16 sq km (6 sq mi) of
intertidal habitat. In the Snohomish delta, dredge-and-fill operations have
eliminated about 2.6 sq km (1.0 sq mi} of intertidal area from an estimated
overall loss of 4.2 sq km (1.6 sq mi) of intertidal wetland based on comparison
of historical and present-day maps (table 3},
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CONVERSION TABLE

The following factors are provided for conversion of metric units used in this

reduced to the base-map scale. The historical shorelines, low-water lines, ma nations indicate symbols used to represent the historical map data as erosion or subaqueous slumping. nature, has gained some subaerial wetland since the early mapping in 1886. use and classification system :

wetland limifs, and selected map-pattern data from the maps were projected e B e e 2 Shoreline. A lin representing the contact between the land and a body of shanfies: The Snohormish delta has residual “pockets” of wetlands, mosty In its north- S, Coaepe o i DX Lo WEA Foets semmot TPt ip It et puls

to modern base maps by use of a Bausch and Lomb! model ZT4-H zoom thereisnnpatta*nforforestadarmmdudadunﬂwbmmaps.ﬂm present- water. DIIC&GSIEIEH:E]&'IEHSBIMSLM}I maps and USGS topogmphic Recession empart!tndgn'naliyhadﬂmlmgestumﬂandareaofﬂmddmssmdled{taﬁem Hyndjng' Alan. 1973, The public life of EI.I?I'IESG:I‘HFQE Seatile University H’Lll'llply By To obtain

transfer scope {ZTS). This instrument optically superimposes two separate day extent of the forested upland is not shown and no distinction can be made maps the shoreline approximates the mean high-water line. Owerall recession or retreat of a delta shoreline results from the sediment The Duwamish and Puyallup deltas have been most extensively developed of wﬁw Prm 195 p. " Millimeters (mm) 0.03937 viche

images [source map and base maps), and allows the viewer to match the between marsh and forested wetland. Subaerial. Formed, existing, or taking place on the land surface; contrasted to discharge of the delta distributaries being less than the transport of sediments and have litle or no remaining wetland. The Nisqually and Skokomish deltas Klotz, S. A, Madsen S. J. Miller. P. A.. and Smith. D. E.. 1978 A survey of

scales and adjust for some types of linear discrepancy (if any) between the subaqueous (beneath the water). from the delta front. Shoreline refreat may be the result of a natural shift of have been partly diked and have much remaining undisturbed wetland. For ervestial organisms on the Nba‘_ually Tiiae adia ;Hashihgton-, final report Meters (m) 3.281 feet (ft)

source and base maps and to trace one image on the other. The data were Judgment of Compilers Subaerial wetland. For this compilation, the wetlands that are landward of eroding marine processes or of a reduction in sediment supply by natural or the Dungeness delta, although natural changes have cccurred, the net lass or Olympla, Washington, The Evergreen State C::-lege 166 . ! Kilometers (km) 6214 miles {mi}

transferred by manual tracing onto coples of 1:24,000 {in one case Among the more important judgments made by the author-compilers was the general salt-water shoreline. Includes all the forested and nonforested manmade causes, or both. The natural systems tend to adjust to the reduction gain of wetland from former conditions does not appear to be significant. Of Phelps, Thomas !undal:éd!l Plan of Seattle 1855-56: :E':aurﬂiePIUnhwslty 4 Scuaes hilormeters (s lon) 247 1

1:62,500)-scale USGS topographic maps. The modem topographic maps the selection of common points on the source and base maps for scale wetlands on the subaerial part of the delta; excludes the intertidal wetland. in available sediment by increasing erosion of unprotected delta land until a the 11 river-mouth deltas studied, about 55 sq km (21 sq mi) of subaerial Wmi'nhgtnn Northwest C‘I,ollactian.s‘ scale 1:2300, 1 sheet i " I acres

range in date of compilation from 1952 to 1973, matching and map registration. Fortunately, a significant number of well- Topographic survey (C&GS). A field survey, on a given date, of the natural state of equilibrium s reached (see discussion of progradation). Therefore, wetland have been converted to other land uses from the original 91 sq km (35 Shalowitz, A. L., 1964, Shore andseabuundmliﬁwﬂi'lspech! i e Square kilometers (sq km) -3861 square miles (sq mi)
FACTORS AFFECTING ACCURACY defined manmade features shown on the old maps, such as dikes, railroad topographic and the cultural features of a portion of the land surface. any proposal to cut off sediment supply to a large segment of delta should be sq mi) mapped during the historical surveys. mmﬁm' and visé. 5t Consé sl Cabdatic Survey data; v, 2, US. Hectares (ha) 2.471 acres

The nature of the source maps, judgments of individual compilers, and
problems of data transfer all limit the absolute accuracy of the historical data
shown. These factors are described below and In the descriptions of proce-
dures on the individual map sheets,

The use of & mmcln this report & for kentiicaiion purposes and does nod imphy endorsemend by the LS.

lines, and intersections of roads, have persisted to the present these were the
preferred references for comparison and map contral. The survival of these
historical features was verified by use of intermediate-age maps, color aerial
photegraphs, and spot-checking in the field on such evidence as present
condition of the feature and vegetative growth. In addition, distinct topo-
graphic features {bluffs, avines, and rock outcrops) were used as supplemen-

Wetland. Intertidal land and land that is waterlogged or inundated to shallow
depths with either fresh, brackish, or salt water for a significant part of mast
years; includes forested wetland (seasonally flooded forested bottornland,
wooded swamp, and shrub swamp), marshes (fresh- , brackish- , and
salt-water marsh), fresh-water meadows, and open bogs (see Anderson and

others, 1976, p. 17-13).

carefully considered because the predictable delta response would be a
recession of the delta under unbalanced influence of marine processes.

As the flow and sediment load of the distributaries change with time, some
parts of the delta shoreline may be eroded and retreat at the same time that
other parts of the shoreline may be prograding. This apparently has taken
place at the Skagit and Nisqually deltas. The slight erosion of the Lummi delta

Intertidal Wetland
Tideflats and submerged grass beds also are critical habitat for aquatic life.
The plant production from these areas becomes available as organic detritus
which provides the chief food for the coastal fish and shellfish populations of

Department of Commerce, Publication 10-1, 749 p.

U.S. Army Corps of Engineers, 1907, Duwamish-Puyallup Surveys: U.5.
Army Corps of Engineers Survey Sheet 25-26, map, scale 1:4800, 2
sheets.

U.S. Army Corps of Engineers, 1973, Report on flood control, Nooksack
River basin, Washington: Seattle District, 59 p.

INTEROR—GEDLOGICAL SURVEY. RESTON, vA —1980—| 2067

For sale by Branch of Dstbution, U3, Geologacal Sunvey,
Bax 25286, Federal Centes, Demver. CO B0Z25



